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SECTION I

INTRODUCTION

This is the first Vehicular Intercom System Study Quarterly Report and covers
technical progress from the date of contract award on 30 September 1977 to | 3
30 December 1977, 3
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SECTION IV
& RESULTS OF STUDIES :
4 o ‘, in 00N NeCTLY \'\,i“’\
This report (‘*‘F’*'“‘I’-' Progress S wor ;,A‘(\,l.r';éu. iIn CONNRCTLOY
\ Tor dudio signal deléc Ti;un L%w‘(“-ﬁ.’u“.t;) ‘\*DL)
)ACincinn lectronics' proposal (paseente}&ﬂi‘féé‘ﬁéiﬁ's”of reducing vehicle cable

wiring{ frequency division multiplexing, time division multiplexing and a totally

wireless scheme.) Progress 1o date of each-of these is presented inthis-seetions”

GIn addition to multiplexing, Cincinnati Electronics is studying means of achieving
wireless audio accessories.

—

B. MULTIPLEX SYSTEMS

1. Frequency Division Multiplexing (Figure 4-1) ~ Monitor Audio Processing

Each VIS crewmember has the possibility of monitoring five audio signals: intercom
only, intercom and RT1, RT2, or RT3-Aux, and "All". In the proposed FDM system,
each of these five sources is translated to a unique segment of the frequency domain
at the central control box. The five audio signals are transmitted from the central
over five separate carriers on a single wire, to each crewmember. The passband of
each channel is chosen to be wide enough to pass the desired audio with minimum
distortion, while sufficient space is allocated between ''channels' to minimize
crosstalk, In this manner simultaneous, non-interfacing communications can occur
over a common transmission medium. At the crewmember junction box, the desired
audio signal is demodulated to audio by demultiplexing the selected FMD carrier.

In the proposed design, received audio from an auxiliary receiver or receiver-
transmitter is cabled to an Intercom Control Box (see Figure 4-1). In the control
box, the audio modulates a Voltage Controlled Oscillator (VCO) whose free-running
frequency is typically set between 20 and 100 kHz. Each receiver and the combination
of each receiver called ""ALL', as well as intercom audio, has a respective VCO

set at a different frequency. This frequency division scheme allows all of the received
and intercom audios to be cabled to station boxes with only one conductor. At each
station box, the crewmember selects which audio he desires to hear. This selection
forces his phase locked loop receiver to lock up on the desired VCO frequency.

The PLL then demodulates the VCO frequency to obtain the desired audio.
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1.1 Study Results and Progress - Monitor Audio System

LM565 and LLM566 phase lock loops and voltage controlled oscillators in integrated
circuit packages were ordered and received in early January 1978. Fabrication of a
breadboard model using these integrated circuits is in process. Sufficient information
should be extracted from the breadboard design by the next quarterly report to
present trade-offs, problems and design criteria for this area of the FDM approach.

1.2 Mic Audio Processing

Microphone audios are routed different from monitor audio (see Figure 4-2), Each
crewmember has a quad-bilateral, solid state switch located in the control box. His
selector switch, located at this station, outputs a logic signal which is conducted via

a cable conductor to his quad-switch, The crewmember's audio is AC-coupled to

his logic conductor and also AC-coupled to his quad-switch. The logic signal (a DC

level between 5 and 18 volts) activates the proper switch to route his microphone audio to a
transmitter or to an intercom. Thus, only one conductor is needed in the cable to carry
control signals as well as microphone audio.

1.3 Study Results and Progress - Mic Audio Processing

A feasible circuit for obtaining logic activation and audio switching, as mentioned in
the introduction, is shown in Figure 4-3. In the control box, a zener diode regulates
and filters input power. When a radio PTT occurs, transistor Q1 turns on which
applies voltage to resistor string R4, R3, R2 and R1. Switch S1 selects different
voltage points along the resistor string. These DC voltage levels correspond to the
desired transmitter the crewmember wishes to transmit on. This voltage is placed
on a wire. On top of this voltage audio signals from the crewmember's preamp is
placed also. If an intercom PTT occurs, a preset voltage is placed on the wire.

This voltage is isolated from the resistor string by diodes CR4 and CR3. Resistor R12
and capacitor C2 prevent audio from interfering with the resistor string or Q1 and Q2
operation.

Audio and DC level is conducted via a cable wire to the intercom control box. In

the intercom control box, the DC level is compared to a level generated by a zener
and resistor string. LM139 integrated circuit outputs a high logic level is the
incoming voltage is higher than the reference. Transistors Q3, Q4, and Q5 will allow
only one of the four outputs of LM139 to go high; and, thus, only one transmitter
could be selected. The CD4066B, when properly biased, will allow audio signals to
pass through when the gate voltage is high and stop audio when the gate voltage is

low. This device routes mic audio to the proper transmitter or intercom. Transistors
Q6, Q7, and Q8 operate relays which provide a ground closure to 'key' a transmitter.
All crewmember matrices will access the PTT relays via isolation diodes such as
CR13, CR14, and CRI15.
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ST

1.4 RCA CD4066B

The quad-bilateral solid state switch, CD4066B, is a crucial part of the mic audio
system since it blocks a crewmember's audio from one transmitter but allows

his audio on another. Thus, this is a TEMPEST protection device as well as a mic
audio routing device. CD4066's are presently used on a Marine intercom contract.
Data taken on a system breadboard indicate these devices will meet Naval TEMPEST
requirements. Unfortunately, this numerical data cannot be presented in this

report without classification problems. If additional information is desired, a
meeting can be arranged at Cincinnati Electronics or Fort Monmouth.

1.5 Probability of Keying Wrong Transmitter

Since the DC level determines which transmitter is keyed and which transmitter
receives a crewmembers audio, these levels must not overlap as a result of noise,
ripple, and tolerances in voltage or resistance. The design presented in this section
allows a minimum of one volt of ""deadspace’ between decision levels. Addition of

a buffer to prevent loading will increase this '"deadspace' to several volts. Thus,
this does not appear to be a problem.

2. Minimum Wire Time Division Multiplexing

The heart of the TDMA (Time Division, Multiple Access) scheme is the Central
Control unit. This unit provides timing and routing for the eight received signals
from the user stations and the RT and intercom signals. An overall block diagram
of the Central Control is shown in Figure 4-5. Each of the eight user stations is
assigned an unique time slot in the data frame during which digitized transmit and
receive audio is exchanged as well as routing and push-to-talk information. The
format for this data is shown below.

fabadetaletl s tatalolsolarl ag Jis | |
RCV Audio Xmit Audio l Routing Parity| PTT

A

———)

At the beginning of each frame will be either bits of synchronization data plus four
bits to establish a guard band. Another four bit guard band is inserted at the end of
each frame, The format for one entire frame containing 128 bits is shown below.

8 4 14 i4 14 14 14 14 14 14 4

#2 Ps #8 lG. B.

G.B. | User #1 #4 l#sl #6 |#7

Syne
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Determination of the data rate and the system clock frequency is dictated primarily
by the method used for audio data conversion. The approach under consideration is
a commercially available single chip CVSD. This device is an encoder as well as
a decoder, providing half duplex operation and is available optimized for 16 Kbps or
32 Kbps operation. From a systems viewpoint of noise, frequency response, and
overall audio intelligibility, a CVSD operating at a data rate of 32 Kbps is indicated.

An effective and dependable sync detection scheme has not been determined as of this
report. The actual sync pattern transmitted by Central Control is also undetermined.
The sync pattern must be unique so that data patterns do not cause improper sync
detection.

The sync detection circuit must accomplish several functions. It must, first of all,
establish initial sync when system power is applied as well as when it is being
plugged into an operating system. Secondly, it must block output data when any
individual frame sync pattern is missed. Finally, it must re-establish sync as soon
as possible after a missed sync.

Initial sync is established by a pattern recognition circuit that detects the sync
pattern. A "window'" is then established that encompasses the sync pattern and the
surrounding four bit guard bands. As long as the sync pattern falls within this
window, synchronization can be established. If the sync pattern is not detected
within this window, the '"window'" can be opened slightly and N attempts are made
at resync. If sync is not re-established in N frames, the initial sync circuit is
enabled to re-establish sync.

Audio processing in the user stations is the same as that used in the Central Control.
To ensure that the CVSD clock is in phase with the CVSD clock in the Central Control,
frame sync is used as a prerequisite to releasing clock to the CVSD.

In order to provide uninterrupted audio to and from each of the eight user stations,
as well as the RT's, the clock signal to the four bit shift registers must be 32 Kbps.
To satisfy these timing requirements, the system clock must satisfy the following
relationship:

System clock = (# of users) x (# bits/S.R.) x 32 x 103
For eight user stations and four bit shift registers:

System clock = 8 x 4 x32 x 103 = 1.024 MHz




Since the entire system timing is derived from this single source and the CVSD
data clock is not critical, the clock frequency itself is not critical and may vary
without significantly degrading system operation,

An overall block diagram of the user station is shown in Figure 4~6. Each of the
user stations is assigned an unique fourteen bit block in the systems 128 bit frame
by programming the relative lengths of the variable length shift registers. Once
this has been done, the control timing is directly related to synchronization and
the assigned frame position.

In the event that any of the user stations is not in sync with the system, provision
must be made to prevent the out of sync station from putting data on the line outside
of its assigned data block. This is accomplished by using a Tri-statable line driver
at the output of the shift register. In its Tri-state condition, the output exhibits

a high impedance and, therefore, does not affect the data line. A user station may
put data on line only after frame sync is established.

3. Totally Wireless Multiplexing Scheme

The concept of implementing a totally wireless TDMA system has been investigated
and appears to be a non-cost effective approach. The advantage of total mobility

of each crewmember is heavily outweighed by such factors as procurement cost,
repair complexity, logistiec supply, and difficulty in resolving certain EMI problems.

The initial procurement cost of a TDMA/wireless would be very high due to the
complexity of the system. Figure 4-7 depicts the block diagram of a fully wireless
TDMA system. The hardware required to implement this system includes six TDMA/
RT units, a master control unit, and an outside station.

In order to appreciate the overall complexity of the system, let us look in detail at

one part -- the TDMA/RT unit. Each TDMA/RT contains (see Figure 4-8) a

receiver, transmitter, encoding/decoding and mode select circuitry. If we examine
just the receiver and transmitter diagrams and keep in mind that a total eight of

these units are required, the justification for not pursuing this effort in detail will

be obvious. Figure 4-9 represents a conceptual block diagram of the receiver/transmitter
unit. The implementation of this design would require several hybrid microcircuits of
extreme complexity. The cost, therefore, to develop the low power, miniature
full-duplex receiver/transmitter would be high due to the small physical size and
required ruggedness. The unit production cost would also remain high for the same
reasons.

A
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The inherent circuit complexity of the binary PSK circuitry would require a high
degree of skill to repair. The small package size and dense circuitry further
complicates the repair effort.

The batteries required to operate the system could produce a difficult supply
problem. Due to the power requirements, the time between charges on the battery
would be relatively short necessitating a portable stock of charged batteries. Since
the system fails when the batteries expire, a continuous supply of fresh batteries
would b required.

The final major drawback in the TDMA/wireless approach is one of EMI. In the
portable environment that the equipment would operate, it is impossible to
guarantee that an EMI incompatibility could not exist. The frequency domains
that are best suited to this application unfortunately are well suited for many
applications and, therefore, are relatively crowded. As with the battery problem,
any significant jammer could disable the entire system.

It is for the above mentioned considered that Cincinnati Electronics has decreased

its study effort on the TDMA/wireless approach. The disadvantages are of significant
severity as to justify no detail investigation into this technique. However, when the
GEMM program is run for the other two approaches, parts list and other information
could be submitted for this approach also to verify our position of not cost effective.

C. WIRELESS AUDIO ACCESSORY
1. Introduction (Figure 4-10)

To achieve wireless audio accessories as requested in the VIS specification, Cincinnati
Electronics proposed use of VLF range frequencies and ultrasonic or inductive
radiators. Use of low frequencies permit rapid attenuation and, thus TEMPEST
protection in addition to advantages of not interfering with radio receivers used

in the vehicles. Assuming the previously mentioned (in Section IV, B, 1) VCO to

PLL concept works, receiver and transmitter design are simplified, thus providing ease
of maintenance, low cost, and reliability.

1.1 Ultrasonic Radiators

A search is being made to find suitable ultrasonic radiators. Report of these devices
will be present in the next Quarterly Report.
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Figure 4-10. Wireless Audio Accessory
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1.2 Inductive Radiators (Figure 4-11)

The theory behind inductive or H field radiation at low frequencies essentially is
the same concept as a transformer. The radiator is one half of a transformer
(the primary) and the receiver is the other half (the secondary). A voltage applied
to the primary produces a current in the primary windings which, according to
Faraday's Law, produces a magnetic field (flux) denoted by dashed lines. This
magnetic field crosses the windings of the secondary; and, if the field varies

with time, a current will be induced in the windings producing a voltage (V2)

at the secondary terminals. For a system shown in Figure 4-11, flux is attenuated
by the reluctance of the air gap (resistance to the magnetic field due to the air

gap separation between primary and secondary). Therefore, the intensity of the
field is not as great in the secondary as compared to the primary; and, as a
consequence, power loss occurs.

Theoretically, the radiator maximizes flux output when the current in its turns
reaches maximum. Maximum current occurs at series resonance; and, therefore,
a capacitor should be added to resonate with the inductance of the radiator's
windings. This produces a sharp response at the resonant frequency which causes,
unfortunately, a narrow bandwidth. Therefore, a resistor is needed to reduce

the Q and increase the bandwidth. The resultant circuit is shown in Figure 4-12(A).

In the receiver, on the otherhand, it is desired to maximize voltage since the
phase lock loop detects phase of the received voltage. Voltage is maximum at
parallel resonance. Therefore, the receiver circuit is a parallel R-L-C resonant
circuit. The resistance determines Q and bandwidth as in the radiator circuit
(see Figure 4-12(B).

Breadboard measurements show that with the circuit configurations discussed,

the receiver outputs about one and one-half millivolts (1.5 mv) into eighty~one thousand

ohms (81 KN) at fifty kilohertz (50 kHz) with a separation of eight feet (8 feet).
Attenuation occurred at the rate of sixteen decibels (16 dB) per octave of distance.
Maximum distance cannot be determined since the phase lock loop has not been
breadboarded as of this report.
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SECTION V

MEETINGS WITH GOVERNMENT

A. LSAP CONFERENCE HELD AT C.E., 20 OCTOBER 1977

The following areas concerning LSA, LSAM and LSA Plan were discussed with
Bruce Ballance, USAECOM, during the ILSAP Conference held on 20 October 1977.

1. ILSA

LSA utilizing the LSAM (GEMM) will be used to quantitatively analyze the design
approaches proposed that are feasible to meet the performance, usability and
TEMPEST criteria. The feasible designs determined after the first 3-4 month
period will be analyzed and a GEMM analysis performed to determine which
design is the most cost effective to produce and maintain. This GEMM analysis
will be documented for the draft submission (6 months) of the LISAM. The
results of the GEMM analysis will be used as an input to the decision process

in determining the design approach to pursue the remainder of the study. The
final submission of the GEMM will be concerned with trade-off analysis and
documentation of the final design approach.

2. LSAM

A copy of the ""Generalized Electronics Maintenance Model'" (GEMM), dated
March 1975, was received from Mr. Ballance.

The type computer language of the GEMM Program and the possible problems of
adapting the GEMM to C.E. Corp's computer were discussed. Mr. Zitsner,

ILS Division, ECOM was telephoned, and he said the GEMM program was in
Fortran IV language and that we should have no problem running it on our IBM 370.
The GFE GEMM program deck is to be handcarried to Cincinnati Electronics by
Mr. Newberry, Cincinnati Electronics Corp. Marketing.

The following information was obtained through our discussions:
1. Anticipated life of equipment is to be twenty (20) years.

2. The level of maintenance personnel performing maintenance will be MOS code
31B for Organizational and 31E for Direct Support and General support.

3. Maintenance Policy 7 of the "GEMM" will be used as the basic maintenance
concept when evaluating design alternatives for 1.CC.

51




Mr. Ballance is supposed to supply the input Research and Development costs
(card type 48) for the GEMM program.

3. ISA Plan

The LSA Plan submitted the proposal was discussed, and the following areas
will be updated for the draft submission:

1. Expand paragraphs 4.3.3.2 and 4, 3.3.3.2 to include specific detail of the
analysis to be performed and the role of LSAM in the decision process.

2. Expand paragraph 4.3.1.1 to provide more detail of how the LSAM will be
performed.

3. Update the LSA Program Schedule, Figure 4-3, of Draft Submission.

B. TECHNICAL APPROACH DISCUSSIONS 20 OCTOBER 1977

While the LSAP Conference was in progress, technical discussions were held
with the COTR, Mr. Glenn William and Cincinnati Electronics Engineering

personnel. As a result of this meeting, the following areas were identified as
needing clarification from USAECOM.

1. TEMPEST philosophy relating to a wireless. intercom link.

Ml B L P s el e et

2. User inputs on type of PTT switch desired, outside box (C2296) function,
positions requiring wireless and general information on intercom usage.

C. CONTRACTORS MEETING 17 NOVEMBER 1977 AT ECOM

TEMPEST philosophy and user problems were resolved at the 17 November 1977
meeting. Noise levels of the M113 APC were demonstrated and new types of
microphones were presented.

D. CHANGE TO ECOM DEVELOPMENT SPECIFICATION DS-AF-0246A (A)

As a result of user information supplied at the 17 November 1977 meeting, the 4
requirement for the external station was changed by DRSEL-PP-C-CS-3 (THI). (]
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SECTION VI

PLANS FOR NEXT REPORT PERIOD

The selected National VCO and PLL will be breadboarded to simulate
FDM Monitor Audio Approach.

Breadboard of one channel of TDMA should be completed during this
period.

A TDMA sync detection scheme will be investigated.

One wireless link using VCO's and PLL's with magnetic radiators
will be breadboarded.

Vendors of ultrasonic transducers and receivers will be contacted
to obtain data sheets and samples.

Information required for the GEMM program will be generated if

sufficient progress is made in the above mentioned areas. Otherwise
this may not occur until early next report period.
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